The Thiel Mountains are part of the Transantarctic Mountains (TAM) and occupy a strategic position close to the East-West Antarctic boundary. They occur in a region of relatively subdued topography distal from high topography and high relief of most of the TAM adjacent to the West Antarctic rift system. Low-temperature thermochronology on samples collected from the Reed Ridge granite on the north flank of the Thiel Mountains constrain the thermal and hence tectonic history. Apatite fission track data plus thermal models indicate cooling from ca. 165-150 Ma. In conjunction with 40 Ar/ 39 Ar K-feldspar data, the results indicate cooling was due to relatively slow erosional denudation, and not thermal relaxation following Jurassic tholeiitic magmatism. Denudation was most likely associated with the formation of the Jurassic rift system across Antarctica that marked the initial breakup of Gondwana. This is the oldest episode of denudation associated with formation of the present day TAM.
Introduction
The ~3500 km long Transantarctic Mountains (TAM) mark the physiographic and lithospheric divide between East and West Antarctica (Dalziel, 1992) . The TAM bisect the continent and act as a geomorphic barrier for the East Antarctic Ice Sheet. The Thiel Mountains occur in a distal part of the TAM and lie on the TAM side of the prominent Ellsworth-Whitmore Mountains (EWM)-Thiel Mountains ridge (Craddock, 1983 ) that defines the sub-ice topographic divide between the Weddell and Ross Embayments (Fig. 1a) . While the TAM include majestic peaks in parts of Victoria Land or the Central TAM, the topography becomes subdued away from the coast of the Ross Embayment (i.e., the boundary with the adjacent West Antarctic rift system). In the Thiel Mountains region, the TAM are no longer a more or less continuous range, broken only by outlet glaciers, but are an isolated range, emergent as a series of escarpments from under the East Antarctic Ice Sheet. Morphologically, the Thiel Mountains resembles a plateau, tilted gently to the west, with ca. 600 m of relief at the northern end of the range (Ford Massif) . At the southern end of the range, the plateau edge is more dissected with ~400 m of relief.
The objective of this study was to apply thermochronology to samples collected from the Thiel Mountains to constrain their denudation history, and hence the formation of the present day TAM.
Geology of the Thiel Mountains
The Thiel Mountains occupy a strategic location as they crop out very close to the East-West Antarctic boundary. Elsewhere this boundary is between the TAM and the West Antarctic rift system, but in this part of Antarctica, the boundary lies between the dissected TAM and the EWM crustal block. Defined by different lithologies, the boundary lies either north or south of the Stewart Hills (Storey and Dalziel, 1987) .
In the Thiel Mountains the most widespread rock type is the Thiel Mountains Porphyry, intruded by (or in places migmatitic with) the Reed Ridge Granite (Ford and Aaron, 1962; Pankhurst et al. 1988) . R/Sr and U-Pb ages are 502 ± 3 and 500 ± 4 Ma, respectively (Pankhurst et al. 1988; Van Schmus et al. 1997) . The Mount Walcott Formation, an interbedded shallow-marine sedimentary and volcanic sequence, in fault contact with porphyry, is also Cambro-Ordovician (Pankhurst et al., 1988 
Methods, results and discussion
Apatite fission track (AFT) thermochronology on 7 samples collected over >600 m of relief from Reed Ridge was performed using procedures outlined in Fitzgerald et al. (2006) . AFT ages vary from 164 to 149 Ma (Fig. 2) , that combined with mean lengths (all >13.8 µm) indicate cooling to below the base of the apatite partial annealing Figure 3 . Time-temperature models for AFT data using AFTSolve (Ketcham et al., 2000) indicating cooling between ~165-150 Ma. Dashed line is the "best fit", dark gray envelope is a good fit (the T-t path is supported by the data) and light gray envelope is an "acceptable fit" (Tt path is not ruled out by the data). zone (PAZ) by Late Jurassic. Qualitatively, there may be subtle indications in the AFT age/length vs. elevation plot suggesting a decrease in the cooling rate in the lowermost samples. Realistically, a robust interpretation is that relatively rapid cooling was ongoing in the Late Jurassic (ca. 165-150 Ma), but the onset of this cooling is not clearly revealed, for example by the presence of the base of an exhumed PAZ (Fitzgerald and Gleadow, 1990) . Thermal modeling of track length distributions and ages (Fig. 3) indicates a cooling rate <10°C/m.y., beginning ca. 165 Ma and slowing ca. 150 Ma. These samples were resident at shallow crustal depths (< ca. 4 km) since ca. 150 Ma, but the data do not preclude other cooling episodes (e.g., in the Cretaceous or Cenozoic), as observed elsewhere along the TAM (e.g., Fitzgerald, 2002) . However, evidence for later cooling episodes is not revealed in this data set.
Possible T-t paths (Fig. 4) for the cooling revealed in the AFT data include: [1] Thermal relaxation of isotherms following resetting of fission tracks in apatites due to a thermal pulse associated with Jurassic tholeiitic magmatism (e.g., Elliot, 1992) . In this scenario, samples resided at relatively shallow levels in the crust (<4 km) prior to the Late Jurassic, before being reset due to thermal effects of the Jurassic magmatism followed by thermal relaxation of isotherms and cooling.
[2] Cooling due to denudation. In this scenario, if samples were already at temperatures greater than temperatures at the base of the PAZ, they would already have a zero age, and later cooling through the PAZ would be due to denudation.
It is difficult to distinguish between these possibilities using the AFT data alone. To help resolve this, we undertook a 40 Ar/ 39 Ar step-heating experiment on Kfeldspar from the lowest elevation sample TH-7, the sample most likely to record a regional thermal event in the Jurassic. Ferrar magmatism occurred in a very short time interval (<1 m.y.) at ca. 180 Ma (Encarnación et al., 1996; Fleming et al., 1997; Elliot and Fleming, 2004) , and if the feldspar was reset due to the accompanying thermal effects, we would expect to see the effects of partial loss. Despite the first ~10% of gas yielding high apparent 40 Ar/ 39 Ar ages, the form of the age spectra does not provide evidence that this sample was partially reset due to thermal effects of Jurassic magmatism. Unfortunately, partial sericitization of the K-feldspar precluded the use of multi-diffusion domain modeling on this sample, and hence derivation of a cooling curve from ~300-150°C.
The occurrence and thickness of Jurassic magmatism is not uniform throughout the TAM (e.g., Elliot and Fleming, 2004) , with inferred areas of intense activity and regions where activity was much less. Thus, it's difficult to gauge the potential thermal effect of Jurassic magmatism on our samples based on proximity to sills as none exist in the Thiel Mountains. The stratigraphy of Beacon Supergroup strata in the Thiel Mountain region is also poorly constrained making it difficult to estimate the possible depth of burial (and hence erosion) of the presumed Kukri Peneplain surface (and our samples). Ar/ 39 Ar data, our interpretation of the cooling revealed in AFT data is that it was due to erosional denudation. The most likely cause of denudation was creation of relief (a rift-flank) associated with the Jurassic Transantarctic volcano-tectonic rift system (e.g., Elliot, 1992; Wilson, 1993) . The region between East and West Antarctica has long since been inferred to be a rift zone associated with the early stages of Gondwana break-up and intimately associated with tholeiitic magmatism (e.g., Elliot and Fleming, 2004) . The boundary faults to this Jurassic rift system are not known, although it has been suggested they may be hidden under the East Antarctic Ice Sheet or Ross Embayment (Elliot and Fleming, 2004) . Analyses of dyke orientations along the TAM indicate extension perpendicular to the TAM and that crustal extension occurred prior to and during Ferrar magmatism (Wilson, 1993) . The slope of a best-fit line to the AFT data is 60 ± 37 m/m.y. (1σ) indicating that the rate of denudation is actually very slow, and thus if denudation did not begin until ~165 Ma, then that may reflect rift escarpment retreat or down-wearing from a rift flank outboard of the Thiel Mountains. As mentioned above, these results do not preclude other denudation episodes in the Thiel Mountains, either in the Cretaceous or Cenozoic, although all denudation events combined will not exceed ca. 4 km. Any Cretaceous or Cenozoic denudation events are likely to be much less significant than in other parts of the TAM because the Thiel Mountains are further from the present West Antarctic rift system. Jurassic denudation in the Thiel Mountains is the oldest episode of denudation associated with the formation of the present-day TAM.
Conclusions
AFT data combined with thermal models from samples spanning 600 m relief on the north flank of the Thiel Mountains indicate cooling from ca. 165 to 150 Ma. There is no evidence for Jurassic magmatism in the Thiel Mountains, nor does a 40 Ar/ 39 Ar age spectra on K-feldspar indicate any apparent partial loss of 40 Ar during the Jurassic. Thus, cooling was due to erosional denudation and not thermal relaxation following the Ferrar magmatism that occurred during a very short interval at 180 Ma. We interpret the slope of the AFT-elevation plot to indicate denudation at a rate of ~65 m/m.y. from ~165-150 Ma. The cause of this denudation we attribute to the formation of relief associated with Transantarctic rifting in the Jurassic. This is the oldest denudation episode related to the formation of the present-day TAM. This event is revealed in the Thiel Mountains due to their distal location with respect to the West Antarctic rift system.
